To investigate the efficacy of alternatives to antibiotics, the present study was conducted to compare the effects of antibiotic, lactic acid, a blend of commercial essential oils (EOs) and EOs in combination with lactic acid on growth performance and the functional activity of the gut in broiler chickens. A total of 168 broiler chickens were given the basal diet supplemented with 10 ppm colistin (T1), 0.1% lactic acid (T2), 25 ppm EOs (T3), 25 ppm EOs+0.1% lactic acid (T4), 50 ppm EOs (T5) or 50 ppm EOs+0.1% lactic acid (T6) in the period 3 to 35 days of age. As a result, the broiler chickens assigned to T4 group throughout the experimental period had apparently (p<0.05) greater body weight and total gain than these assigned to T1, T2, T3 and T5 groups. However, there was no difference in growth performance among the birds fed the diets supplemented with antibiotic (T1), lactic acid (T2) and EOs (T3 and T5) alone. The weights of digestive organs and the number of lactobacilli and E. coli in the lower ileum were not affected by dietary treatments. Total trypsin activity was significantly (p<0.05) greater in T4 than T1, T2, T3 and T5 groups. Total and specific pancreatic α-amylase activities were significantly (p<0.05) enhanced in the broiler chickens fed T4 diet compared with these fed T1, T2 and T3 diets. However, there were no differences in growth performance and digestive enzyme activities including pancreatic trypsin and α-amylase between T4 and T6 groups fed the diets supplemented with either low or high EOs levels in combination of lactic acid. In conclusion, a blend of commercial EOs combined with lactic acid showed significant increases in digestive enzyme activities of the pancreas and intestinal mucosa, leading to increase in growth performance. (Asian-Aust.
INTRODUCTION
It has been widely recognized that the manipulations of gut functions and microbial habitat in pigs have a crucial role in promoting growth performance and feed efficiency (Collington et al., 1990) . For the purpose of these accomplishments, a number of antimicrobial compounds, especially including antibiotics have been extensively used in the poultry and pig industries for several decades. It was reported that approximately up to 80% of domestic animals have been received drugs and synthetic chemicals for the purpose of either medication or growth promotion (Lee et al., 2001 ). The recent concerns about possible antibiotic residues and resistance infection have raised a great attention on the use of antibiotics in food animals. Thus, a great effort has been attempted to find alternatives to antibiotics as growth promoters in animal industry (Wenk, 2000) . As one of alternatives, essential oils (EOs) generally recognized as safe admitted by Food and Drug Administration (FDA), which enhance nutrient digestibility and inhibit microbial growth in the gut, are of interest as feed additives to improve the efficiency of animal production under intensive management programs (William and Losa, 2001) . It has been known that EOs extracted from herb and spices are composed of various mixtures of aromatic and volatile substances (Cowan, 1999) . Thymol and carvacrol, two major components of EOs derived from thyme and oregano, have biological properties such as antimicrobial, antioxidant and antiseptic activities (Lawrence and Reynolds, 1984) . There have been a few studies on the effects of EOs on growth performance and digestive functions in broiler chickens. The results obtained from several studies with chickens are either significant (Bassett, 2000; Kamel, 2001) or non-significant (Case et al., 1995; Botsoglou et al., 2002) in growth performance and digestive processes. A beneficial effect of EO-mediated improvement in animal production was associated with increases in antimicrobial and digestive activities (Lee, 2002) , although there is still a lack of evidence of the underlying mechanisms by which dietary EOs affect growth performance. However, in vivo study, results in response to dietary EOs have shown to be affected by intrinsic and extrinsic factors including environment, diet and nutritional status.
Lactic acid has been also extensively utilized as a feed additive to improve feed hygiene and gut milieu (van de Broek, 2000) . Thus, it is reasonable to postulate that the combination of these two feed additives would give positive effect on the performance of broiler chickens.
Therefore, to investigate possible efficacy of alternatives to antibiotics, the present study was conducted to compare the effects of antibiotic, lactic acid, a commercial EOs and EOs in combination with lactic acid on growth performance and digestive processes in broiler chickens.
MATERIALS AND METHODS

Animals and experimental design
A total of 168, one-day old male broiler chicks (ROSS)
were purchased from Halim (Co.), Korea and kept in a wire cages in a room equipped with temperature (33-23°C) and on a light/dark cycle (light on 07:00-22:00). The experimental groups consisted of six dietary treatments; each treatment had fourteen replicate cages with 28 chicks. Immediately after a 2 days adjustment period, the broiler chicks were randomly assigned to the soy-corn-wheat basal diets (powdered form, Table 1 ) supplemented with 10 ppm colistin (T1), 0.1% lactic acid (T2), 25 ppm a blend of commercial essential oils (EOs, T3), 25 ppm EOs+0.1% lactic acid (T4), 50 ppm EOs (T5) and 50 ppm EOs+0.1% lactic acid (T6). A commercial blend of EOs was CRINA  Poultry contained 29% of active ingredients including thymol (Akzo Nobel, Crina S.A, Switzerland). The EOs and lactic acid (50% purity) were kindly provided by ALL THE BEST (Co. Ltd), Korea. All birds were fed the respective starter (3 to 21 days) and finisher (22 to 35 days) diets ad libitum and had free acess to water for the entire period (day 3 to 35). Feed intake and BW were monitored on days 3, 21 and 35 after birth to determine growth performance and feed conversion ratio (FCR).
Tissue harvesting
At the end of 35 days feeding trial including adjustment period, eight broiler chickens weighing similar to average body weight per group were sacrificed by cervical dislocation to harvest the pancreas, small intestine and liver. Immediately after bleeding, the pancreas and liver were harvested and weighed. The small intestine was removed at the pylorus and at the ilio-cecal valve immediately after opening abdominal cavity. The harvested small intestine was perfused with 0.9% ice-cold saline and gently squeezed to remove remaining digesta. Sixty percent of the upper region was designated as the proximal intestine and the rest of the segment as the distal region. The length of each segment was rinsed in three successive baths containing mannitol buffer (5 mM MgCl 2 , 150 mM mannitol, 10 mM Tris succinate, 5 mM K 2 HPO 4 and 1 mM MnCl 2 ; pH 7.4). Immediately after washing, the intestinal segments were replaced in an aluminum pan on a bed of ice. The mucosal surface was removed by gentle scraping with a glass slide to obtain epithelial tissues. Residual fat and digesta were removed from the harvested mucosal tissues by resuspension in equal volumes of mannitol buffer followed by centrifugation at 10,000×g at 4°C for 12 min.
Microbial enumeration
The number of colony forming units (CFU) in intestinal digesta (1 g) harvested from the lower ileum was determined by 10 fold serial dilution using sterilized distilled H 2 O. The Lactobacillus count was determined using MRS agar (Difco) after incubation an aerobic chamber at 37°C for 48 h. The E. Coli were enumerated on MacConkey agar (Difco) after aerobic incubation at 37°C for 24 h.
Determination of enzyme activities
The whole pancreas was homogenized with 1:5 volumes of isolation buffer containing 0.5 M Tris and 0.154 M KCl (pH, 7.4) in a tissue grinder. The aliquots were stored at -70°C for later assay of enzyme activities. Activity of α-amylase was determined using starch potato as the substrate and measuring the amount of reducing sugars liberated with maltose as the standard at 450 nm (Bernfeld, 1955) . One unit was defined as liberated 1.0 mg of maltose from starch per 3 min at pH 6.9 at 20°C. Trypsin activity was measured using benzoyl-L-arginine ethyl ester (BAEE) as the substrate at 253 nm according to the method of Geiger and Fritz (1986) after activation with 0.1 U/ml enterokinase. One unit of enzyme activity is defined as the amount of enzyme that hydrolyses 1 µmole of BAEE per min at pH 8.0 and at 25°C. The harvested mucosa was weighed and homogenized with 1:6 volumes of mannitol buffer in a tissue homogenizer. The aliquots were stored at -70°C for later assay of enzyme activities. To determine activities of intestinal enzymes, the homogenized tissue was diluted 2 times with 2% triton X-100 to separate enzymes from the membrane fraction. Alkaline phosphatase was assayed with a Sigma Diagnostic Assay Kit (Procedure No, 245) and an ELISA reader (V max Molecular Device) to determine the continuous increase in absorbance at 405 nm. One unit of activity is defined as the amount of one µmole of pnitrophenol per min under the assay conditions. Leucine aminopeptidase activity was determined by the slightly modified method of Rybina et al. (1997) . The assay was performed with L-Leucine-p-nitroanilide as the substrate. The amount of liberated p-nitroaniline was measured using an ELISA reader at 405 nm. One unit is equal to the produced one µmole of p-nitroanilide per min under the assay conditions. Maltase and sucrase activities were determined by the modified procedure of Dahlgvist (1968) . The end product, glucose was measured by an ELISA reader at 450 nm. The bicinchronic acid (BCA protein assay kit; Pierce) method was adapted to 96 well plate to determine protein concentration. Specific activity of each enzyme was expressed as the total activity per mg of protein.
Statistical analysis
Effect of diet was analyzed by Proc GLM (SAS Institute Inc., 1989). When the diet effect was significant at p<0.05, Tukey's test was applied to identify significant differences between groups. The level of probability for statistical difference was established at p<0.05.
RESULTS
Growth performance, FCR and mortality
Growth performance, feed intake and FCR in the broiler chickens fed the diets containing antibiotic, lactic acid, EOs and EOs combined with lactic acid are presented in Table 2 . For the period of 3-21 days, BW, feed intake and FCR were shown to be similar among the six treatment groups. However, for the period 22-35 days, the broiler chickens assigned to T4 group resulted in significant (p<0.05) increases in BW and gain compared with those assigned to T1, T2, T3 and T5 groups. Also, BW and total gain on a cumulative basis (3-35 days) were remarkably (p<0.05) higher in T4 group compared with those in T1, T2, T3 and T5 groups. However, there were no differences in BW, total gain and FCR among the birds fed the diets supplemented with antibiotic (T1), lactic acid (T2) and EOs (T3 and T5) alone. BW, feed intake and FCR between T4 and T6 groups fed the diets supplemented with either low or high EOs levels in combination of lactic acid were not differed throughout the experimental period. There was only one bird dead in T6 group during the entire feeding period. Table 3 presents changes in the weights of the liver, pancreas, intestine (proximal and distal regions) and wet mucosal tissues harvested from 35 day-old broiler chickens in response to dietary feed additives. The weights of the liver, small intestine and mucosal tissues from broiler chickens were not affected by dietary treatments. Pancreas weight tended to be numerically greater (p<0.10) by on a average 30% in the birds fed the diet supplemented with 25 ppm EOs+0.1% lactic acid (T4) compared with these fed the diets with antibiotics (T1), lactic acid (T2) and EOs (T3 and T5) alone.
Organ weights
Microbial enumeration
The effects of dietary feed additives on ileal microbial counts are shown in Table 4 . The numbers of lactobacilli and E. coli in intestinal contents harvested from the lower ileum were not influenced by dietary supplementation of feed additives.
Digestive enzyme activities in the pancreas and small intestine
The activities of pancreatic and intestinal enzymes in 35 day-old broiler chickens fed the diets containing antibiotic, lactic acid, EOs alone and EOs combined with lactic acid are presented in Table 5 and 6. Total trypsin activity was significantly (p<0.05) greater in T4 than T1, T2, T3 and T5 groups, but specific activity of trypsin was not different among dietary treatments (Table 5 ). In pancreatic α-amylase, total and specific pancreatic amylase activities were markedly (p<0.05) greater in the broiler chickens fed T4 diet compared with those fed T1, T2 and T3 diets. There were no differences in pancreatic trypsin and α-amylase activities between T4 and T6 groups fed the diets supplemented with either low or high EOs levels in combination of lactic acid. In addition, both T5 and T6 groups showed a tendency to increase in total and specific amylase activities compared with T1, T2 and T3 groups without a statistical difference. However, no significant differences in pancreatic enzyme activities were found among the birds fed the diets supplemented with antibiotics (T1), lactic acid (T2) and the low (T3) and high (T5) levels of EOs alone. The specific activity of maltase in the proximal region was much greater (p<0.05) in the birds fed the diets T4 diet than these fed T2, T3 and T5 diets (Table  6 ). Proximal sucrase, alkaline phosphatase and leucine aminopeptidase activities were not affected by dietary feed additives. 
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DISCUSSION
An EO extracted from herb and spices is a complicated mixture of various compounds, which consist of aromatic and volatile substances. Due to their biological properties such as antimicrobial, antioxidant and antiseptic activities, a commercial blend of EOs has been developed for use as alternatives to antibiotics in animal industry. Limited studies are available to assess the possible application of EOs as alternatives to antibiotics in broiler chicken production. The effects of EOs on growth performance in chickens are not consistent when they were fed the diets supplemented with 20-200 ppm of EOs. The positive results have been observed from several field studies (Langhout, 2000; Kamel, 2001 ), but the non-significant results have been also reported (Case et al., 1995; Botsoglou et al., 2002) . It has been proposed that dietary EOs as growth stimulators could not give positive when the chickens are kept at optimal conditions such as highly digestible diets and clean conditions (Botsoglou et al., 2002) . It was also well documented that dietary antibiotics did not promote growth rate when animals were raised in a clean environment (Coates et al., 1963) . It is postulated that our study conducted under well-nourished and disinfected environments may do not show increased weight gain and FCR in broiler chickens fed the diet supplemented with antibiotics or a commercial blend of EOs (25 or 50 ppm) alone, although we did not test as to the effect of antibiotics or EOs in comparison with control group. However, the birds fed the diets containing EOs in combination with lactic acid showed a significant increase or a tendency to increase in growth performance compared with those fed the diets supplemented with antibiotic, lactic acid and EOs alone in our study. Presumably, there may have some synergistic effect of EOs in combination with lactic acid when they are added to the diet, although more detailed studies still need to be confirmed.
In order to understand the modes of action of alternatives to antibiotics, we should consider the effects of feed additives on the functional activities of digestive organs and gut microflora in animals. First, it is reasonable to investigate digestive enzymes of the pancreas and small intestine to reveal the effects of feed additives on intestinal functions, since major nutrient digestion processes are occurred in these sites. Several studies with chickens demonstrated that a blend of commercial EOs components stimulated the activities and secretion of digestive enzymes including amylase compared with control group (William and Losa, 2001; Lee, 2002) . It have been documented that spices and herbs from which EOs extracted, stimulated the secretion and activities of digestive enzymes in the intestine and pancreas in rats Srinivasan, 1996 and . However, similar to the results of Lee (2002) , the diet fortified with EOs alone did not stimulated digestive enzyme activity as compared with that supplemented with antibiotic or lactic acid in our study. Furthermore, lactic acid has been widespread for use as a dietary feed additive, mainly because of its positive effect on intestinal milieu and growth performance. Several studies have demonstrated that the positive effect of lactic acid on growth performance is due to antimicrobial activity, gut pH reduction, a useful energy source and pancreatic juice secretion in pigs (van de Broek, 2000) . Especially, lactic acid has been known as a strong stimulator of pancreatic secretion (Ravindran and Kornegay 1993; Khan, 2003) . Thaela et al. (1998) reported that the dietary inclusion of lactic acid stimulated the secretion of pancreatic enzymes in pigs after weaning.
Taken together, it could be postulated that the combination of EOs with lactic acid would synergistically trigger the secretion of pancreatic enzymes, which resulted in enhanced degestibilities of macronutrients.
The major mechanism associated with brush border membrane (BBM) from intestinal absorptive cells is the degradation and absorption of nutrients from the small intestine into the circulatory system (Jang et al., 2000) . The BBM enzymes such as disaccharidase, alkaline phosphatase and leucine aminopeptidase are important constituents of the microvillous membrane in the intestinal absorptive cells (Ferraris et al., 1992) . Presumably, a significantly increased BBM maltase activity in response to EOs in combination with lactic acid could be attributed to increase in the presence of amylose from intestinal digesta, which was produced by enhanced pancreatic α-amylase activity. These increased enzyme activities would have positive impact on starch digestion in the small intestine (Xu et al., 2002) especially at the later stage of growth when the birds consumed a greater amount of starch diet.
In addition, it should not ignore that most dietary feed additives have a profound impact on the gut microflora either directly or indirectly, although birds have little nutritional advantage from intestinal microflora compared with other species of animals. In our study, the dietary supplemented with EOs and lactic acid did not significantly affect ileal microbial populations. Antimicrobial activity has been recognized as the major beneficial effect of EOs on animal production, although the exact antimicrobial mechanism is not fully revealed. Many in vitro studies confirmed that EOs such as thymol, carvacrol, etc. have displayed antimicrobial activity against intestinal microbes such as clostridium perfringer, salmonella typhimurium and E. coli (Helander et al., 1998; Hammer et al., 1999) . It has been reported that antimicrobial action of EOs is mediated by lipophilic property to perforate the bacterial membrane, which releases membrane components from the cells to the external environment (Helander et al., 1998) . On the other hand, in vivo study, it seems that the effects of EOs on gastrointestinal microflora are not constant, even though EOs have been generally recognized as antimicrobial agents. A study with chickens indicated that feeding the diet containing a commercial blend of EOs showed a significant decrease in colony forming units of Clostridium perfringer as compared with that containing 20 ppm zinc bacitracin (Kőhler, 1997) . However, Evans et al. (2001) reported that chickens supplied the diet containing a commercial blend of EOs did not change in the number of Clostridium perfringens in the intestine. Therefore, it is suggested that the action of EOs or antibiotics on antimicrobial property may have more profound when the birds are given a less digestible diet and kept at a less clean environment. It is tentatively speculated from this study that the lack of responses of dietary antibiotic and EOs to ileal microbial counts is partially due to our experimental conditions undertaken well-nourished and clean conditions.
It is concluded that a commercial blend of EOs in combination with lactic acid showed a marked increase in digestive enzyme activities of the pancreas and intestinal mucosa from broiler chickens, leading to increase in a significant growth performance. More detailed studies are still needed to elucidate the effect of EOs alone and EOs in combination with lactic acid on the functional activities of digestive organs under various circumstances.
